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(g) A stable dock generator circuit with dock multiplication. 

@ An integrated circuit, such as a microprocessor or math co-processor, having a clock generator circuit 
for generating a high frequency internal clock signal based on an external input clock signal is disclosed 
A clock generator circuit comprises circuitry for detecting an active edge of an input signal, circuitry for 
generating a plurality of clock edges responsive to the detection of the dock signal and circuitry for 
inhibiting the edge generating circuitry after generation of a predetermined number of clock edges. The 
factor by which the input dock signal is multiplied may be set by the circuit designer, or prograrnrnabJy 
set, without impact on the circuit design. Further, the duty cycle of the generated clock is independent of 
the input dock signal. The circuitry for generating a plurality of dock edges includes one or more 
programmable delay stages. Each delay stage comprises fixed and variable portions ; the fixed portion 
preferably includes a series of logic elements of various types selected to match the worst case clock 
phase delay and to match circuit speed variations, and the variable portion of the delay stage selects as 
propagation dday by way of programmable dements. 
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This invention is in the field of integrated circuits, 
and more particularly is directed to internal clock gen- 
eration and distribution schemes in such circuits. 

Many modern integrated circuits are of the syn- 
chronous type, such that their internal operation is 
governed by an external clock signal. Examples of 
high density, high speed clocked logic circuits include 
microprocessors, microcomputers, math co-proces- 
sors and the Ike; of course, other simpler circuits 
such as memories and smaller scale logic circuits 
may also be governed by external clock signals. 
Clock signals may be generated in systems using 
these circuits by way of a stand-alone crystal osclla- 
tor circuit, or by connection of a crystal to terminals 
of the clocked logic device itself in the case where the 
oscillator is integrated onto the same integrated cir- 
cuit chip with the logic function. 

As is well known in the art the rate at which a 
clocked integrated circuit performs hs function is gen- 
erally highly dependent upon the frequency of the 
clock signal. Especially in digital circuits, this is be- 
cause the internal chip functions are either directly or 
indirectly (via frequency dividers, phase-locked loops 
and the like) controlled by the received clock signal. 
As such, for the example of a microprocessor, the 
number of instructions perfor mable by the circuit in a 
given period of time will vary with the frequency of the 
clock signal. 

Particularly in complex clocked circuits such as 
microprocessors and math co- processors, the per- 
formance of certain circuit functions may depend on 
the clock frequency while the rate at which other func- 
tions are performed may be limited by other factors. 
For example, certain input-output functions may be 
limited by bus interface specifications rather than the 
clock frequency, while the speed of core or CPU func- 
tions will likely depend directly on the dock frequency. 
It is therefore beneficial in such circuits to provide 
high frequency clocks to certain portions of the circuit 
(e.g., the CPU or core of a microprocessor), with low- 
er frequency docks being provided to other portions 
(e.g., the bus interface). In the field of microproces- 
sors, this desired result is generally referred to as 
"dock doubling", particularly in the case where the 
core dock is operating at twice the rate of the bus in- 
terface docks. 

A conventional drcuit for deriving clock signals at 
various frequencies from an input clock signal is the 
combination of a phase-locked loop (PLL) and one or 
more frequency dividers. In this arrangement, the 
PLL provides stability in the generated output dock 
signals relative to the input dock, while the ratio ofthe 
frequency dividers in the output and feedback loops 
determines the relative frequency between the out- 
put dock signals and the input dock. However, a PLL 
circuit cannot instantaneously respond to a change in 
the input dock frequency, as several trans toon cydes 
may be necessary to lock onto a new input clock sig- 



nal frequency. The ability to rapidly change the inter- 
nal operating frequency has become important in re- 
cent years with the advent of "turbo" mode personal 
computers and workstations, in which a faster dock 

5 rate (e.g., 20 MHz instead of 8 MHz) is enabled by the 
user via a hardware switch. The transient cydes re- 
quired for PLL circuits to lock onto a new frequency 
thus can cause erroneous system operation when 
turbo mode is selected or deselected. 

10 In addition, PLL-based circuits are generally lim- 
ited in operating power supply vdtage range (prima r- 
iy due to the operation of the voltage controlled os- 
cillator), and as such are not well-suited for use in dr- 
cuits that are to operate over a wide power supply vol- 

15 tage range. As modern fabrication technology contin- 
ues to reduce physical feature sizes such as transistor 
channel lengths to well below one micron, it is con- 
templated the use of lower power supply voltages 
(e.g., 3.3 volts) wfll become more prevalent in order to 

20 avoid reliability problems, such as the hot electron ef- 
fect It will therefore become increasingly important 
for large scale integrated circuits to be able to operate 
at lower power supply voltages, and perhaps over a 
range mduding both the conventional 5 volt power 

25 supply voltage and the lower 3.3 volt power supply 
voltage. 

Another known technique for providing different 
dock frequencies to different drcuit portions is to 
have two terminals for receiving input docks at drffer- 

30 ent frequencies. In this technique, for example as 
used in the Intel 80387 math co-processor, the state 
of another terminal (either hardwired externally or 
connected in the wiring of an on-chip bond pad) se- 
lects whether the dock signal received at the alter- 

35 nate dock terminal is to be ignored or used. 

Certain other dock doubling schemes have con- 
sidered the use of internal frequency dividers to div- 
ide down the input dock frequency prior to application 
to dower circuit functions. For example, it is known to 

40 use a half-frequency dock (relative to the input dock 
frequency) to control the bus interface of a micropro- 
cessor circuit In such arrangements, the frequency 
divider not only reduces the dock frequency, but also 
corrects for variations in duty cycle and ringing con- 

45 ditions on the input dock signal. While such correc- 
tion for input dock instabilities may be performed pri- 
or to use in slower drcuit functions, these instabilities 
predude the direct use of the input dock signal for the 
high speed circuit functions in the CPU or core. In par- 

so ticular, certain phases of the input dock signal may be 
too short (especiaJly when unstable) to allow for com- 
pletion of certain internal core functions. 

Not all microprocessors, math co-processors, 
and the like necessarily operate in the dock doubling 

55 mode, however. For example, in relatively stow com- 
puters and workstations, only a single low frequency 
dock (e.g., on the order of 8 MHz) may be available, 
such that bus operations and CPU or core operations 
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may both operate at the slower clock frequency. In 
such an environment, dividing down the frequency of 
the relatively low frequency input clock to generate 
the bus interface clock would result in serious perfor- 5 
mance degradation. Accordingly, it is desirable in 
these applications that the integrated circuit not op- 
erate in the clock doubling mode. 

Accordingly, integrated circuits are conventional- 
ly manufactured, beginning with wafer fabrication, to 10 
be of the clock doubled type or of the non-clock dou- 
bled type, with the quantity manufactured of each 
type determined according to customer demand. The 
cost of maintaining manufacturing inventory is made 
more difficult, however, as the number of circuit types is 
increases, especially if circuit demand or manufactur- 
ing yield is subject to fluctuation. Accordingly, it is de- 
sirable to provide an integrated circuit having both 
clock doubling and non-clock doubling capability. 

According to prior techniques, a control signal se- 20 
lects which of multiple clock signals is to control the 
operation of certain integrated circuit functions (such 
as the core unit and the bus interface unit). The se- 
lection of which of a plurality of clocks that a particular 
circuit is to respond required relatively complex ctrcuh 25 
try to implement this ability to respond to a selected 
dock signal. Since such circuitry loads and otherwise 
affects the path of the clock used to control the speed 
of the circuit function, such selection circuitry neces- 
sarily affects the most critical timing path of the ck- 30 
cults. 

Furthermore, in the art of internal clock distribu- 
tion for integrated circuits such as microprocessors 
and the like, the optimization of duty cycle for internal 
clocks generated from externally received clock sig- 35 
naJs has heretofore generally been quite difficult This 
is due to the constraints presented by the expected 
variations of the duty cycle of the external clock, as 
indicated in various timing specifications; further- 
more, as microprocessor clock frequencies increase 40 
to 25 MHz and beyond, external clock signals are 
more susceptible to ringing and other noise effects 
that increase with fester switching times, resulting in 
less well defined and controlled clock phases. As 
such, the generation of internal clock signals from an 45 
external clock signal, particularly for high frequency 
operation, has heretofore required the designer to 
make tradeoffs in selecting the duration of each 
phase in the internal clock signals. 

Various aspects of the invention are set out in the so 
appended claims. 

The invention may be incorporated into an inte- 
grated circuit having a clock generator circuit that 
generates a plurality of output clock signals in re- 
sponse to an input clock signal, each communicated 56 
to a different function within the integrated circuit In 
one such embodiment, a first output clock signal is 
generated at a constant frequency relative to the input 
clock signal, regardless of the state of an enable sig- 



nal. The enable signal is provided to the clock gener- 
ator circuit to indicate the frequency mode at which 
the other output clock signals is to be generated. For 
example, the enable signal may be provided by the 
bonding of a chip bond pad to a fixed power supply 
or ground voltage, such that the second output dock 
signal is generated at twice the frequency of the first 
output dock signal, or at the same frequency, de- 
pending upon the state of the enable signal. 

In one aspect of the invention, the dock genera- 
tor circuit generates an output dock signal in re- 
sponse to an input clock signal. The dock generator 
circuit indudes a delay which may be selected ac- 
cording to the worst case delay path for one of the 
clock phases; this delay period determines the duty 
cyde of the internally generated dock independent of 
the input dock signal duty cyde. In the preferred em- 
bodiment, the delay period is generated by a delay 
stage having a fixed portion and a variable portion; 
the fixed portion indudes gate delays of various 
types so that process, voltage and temperature vari- 
ations in the integrated circuit and its operation are 
matched by changes in the delay stages. The variable 
portion of the delay stage facBttates characterization 
and adjustment of the delay period. 

The invention will be described by way of exam- 
ple with reference to the accompanying drawings, in 
which: 

Figure 1 is an electrical diagram, in block form, of 
an integrated circuit incorporating the preferred 
embodiment of the invention; 
Figure 2 is an electrical diagram, in schematic 
form, of the dock generator circuit according to 
the preferred embodiment of the invention; 
Figure 3 is an electrical diagram, in schematic 
form, of the delay stage in the dock generator dr- 
cuit of Figure 2; 

Figures 4a and 4b are timing diagrams illustrating 
the operation of the clock generator circuit ac- 
cording to the preferred embodiment of the in- 
vention; 

Figure 5 is an electrical diagram, in block form, of 
a dock generator circuit according to a first alter- 
native embodiment of the invention; 
Figure 6 is an electrical diagram, in block form, of 
a dock generator circuit according to a second al- 
ternative embodiment of the invention; 
Figure 7 is a timing diagram illustrating the oper- 
ation of the circuit of Figure 6; 
Figure 8 is an electrical diagram, in Nock form of 
a dock generator circuit according to a third alter- 
native embodiment of the invention; 
Figure 9 is a timing diagram illustrating the oper- 
ation of the circuit of Figure 8; 
Figure 10 is an electrical diagram, in block form, 
of a dock generator drcuit according to a fourth 
alternative embodiment of the invention; 
Figure 11 is a timing diagram llustrating the op- 
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eration of the circuit of Figure 10; 
Figure 12 is an electrical diagram, in block form, 
of a clock generator circuit according to a fifth al- 
ternative embodiment of the invention; and 5 
Figure 13 is a timing figure illustrating the opera- 
tion of the circuit of Figure 12. 
Referring first to Figure 1 , the construction of in- 
tegrated circuit 2, such as a microprocessor, math co- 
processor or the like having at least two different 10 
functions which can operate at different dock fre- 
quencies, and thus in which the preferred embodi- 
ment of the invention is implemented wfll be descri- 
bed. In this example, integrated circuit 2 includes a 
core unit 4 which performs a sequence of instructions 15 
or some other complex logic operation, preferably at 
the fastest possible clock frequency to optimize circuit 
performance. Integrated circuit 2 further includes bus 
interface unit 6 which is in communication with input 
and output terminals (not shown) of integrated circuit 20 
2, and is also in communication with core unit 4 by 
way of internal bus IBUS. Bus interface unit 6 is in- 
tended to receive input signals presented at address 
and data input terminals, to control the operation of 
core unit 4 and other functions in integrated circuit 2, 25 
and also to control the presentation of output data at 
output terminals; since the timing requirements of bus 
interface unit 6 are governed by the input/output 
specifications of other integrated circuits in the sys- 
tem, it may require a slower clock frequency t han that 30 
usable by core unit 4. 

For reference herein below, certain of the input 
terminals to integrated circuit 2 are illustrated in Fig- 
ure 1 as being connected to circuitry via a bond wire 
W and a bond pad BP. Other inputs and outputs are, 35 
of course, simQarly connected but are not shown in 
Figure 1 for purposes of clarity. The illustration of the 
bond pads BP in Figure 1 wfll become apparent rela- 
tive to the optional wire bonding of one of the bond 
pads BP discussed herein below. In addition, conven- 40 
tional input buffer circuits may also be provided within 
integrated circuit 2 in the conventional manner, such 
buffers are also not illustrated in Figure 1 for purposes 
of clarity. 

In the example of Figure 1, integrated circuit 2 is 45 
operable to receive an input clock signal at terminal 
CLKIN. The input clock signal may be an externally 
generated periodic clock, such as from an external 
oscillator, or alternatively the input clock signal may 
be generated on-chip based on a crystal connected so 
to terminal CLKIN that determines the clock frequen- 
cy. Clock control circuit 8 presents to core unit 4 (on 
line CORECLK) an internal clock signal at the same 
frequency as the input dock signal at terminal CLKIN, 
and presents to bus interface unit 6 (on line BUSCLK) 55 
an internal clock signal at one-half the frequency of 
the input dock signal received at terminal CLKIN. The 
half-frequency clock signal is generated and applied 
to line BUSCLK by frequency divider 10, which in this 



case divides the input clock signal frequency by two 
prior to its presentation on line BUSCLK. 

According to the preferred embodiment of the in- 
vention, dock control tircuit 8 further indudes dock 
generator 12 which receives the input dock signal 
from terminal CLKIN at a "set" input, and which re- 
ceives the input dock signal from terminal CLKIN, de- 
layed by programmable delay stage 1 4, at a "reset" in- 
put Programmable delay stage 14 in this embodi- 
ment of the invention indudes a default delay value 
that is enabled for normal (non-test mode) operation, 
implemented within programmable delay stage 14 by 
the metallization pattern or by way of fusible links or 
other programmable elements (FAMOS transistors, 
etc). In addition, programmable delay stage 14 also 
receives a test input from terminal TEST and j select 
lines 15, from selected input terminals IN Q through IN„ 
so that, in a special test mode selected by the logic 
state applied to terminal TEST, the j select lines 15, 
can select a portion of the delay period through delay 
stage 14. 

Programmable delay stage 14 and dock genera- 
tor 12 each also receive an input on line 2XEN indi- 
cating if the clock doubling mode is to be enabled; 
when enabled, the dock doubling mode causes the 
core unit dock frequency on line CORECLK to be 
twice that of the bus dock frequency on line 
BUSCLK In this example, selection of the dock dou- 
bling feature is made at the wire bonding step of the 
manufacturing process, by connecting the bond pad 
BP associated with line 2XEN to be connected to the 
V*oc power supply terminal (which, in this example, en- 
ables clock doubling) or to t he V M or ground terminal 
(disabling dock doubling). 

As will be described hereinbelow, clock control 
circuit 8 according to this embodiment of the invention 
is controlled by the state of line 2XEN, so that the 
clock signal on line CORECLK may be generated 
eft her in a clock doubling mode or in a non-dock dou- 
bling mode. In addition, interface circuitry controlling 
the communication of data on internal bus IBUS is 
also preferably controlled according to the state of 
line 2XEN, so that communication between core unit 
4 and bus interface unit 6 can be performed accord- 
ing to the selected internal dock relationship. It is 
contemplated that the construction of such interface 
circuitry wil be apparent to one of ordinary skill in the 
art having reference to this specification. 

In the general sense, dock generator 12 oper- 
ates in the dock doubling mode to respond to one of 
the Input dock signal edges; for purposes of this de- 
scription, the term "rising edge" will refer to a low-to- 
high transition for a signal, and the term "falling edge" 
will refer to a high-to-low transition. In the example of 
Figure 1 , the rising edge of the input dock signal sets 
the output of dock generator 12 (on line CORECLK) 
to a high level. Clock generator 12 resets low its out- 
put on line CORECLK responsive to receiving the ris- 
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ing edge of the input clock signal, delayed by the time 
delay set within programmable delay stage 14. The 
delay period of programmable delay stage 14 is pre- 
ferably selected to slightly exceed the time required 5 
for the worst case clock phase in the instruction set 
or possible operations of core unit 4. As such, clock 
generator 12 uses edge triggered set and reset func- 
tions based on the input dock signal, and provides an 
internal clock signal on line CORECLK that is at the 10 
same frequency as the input clock signal at terminal 
CLKIN, at a fixed phase duration so that variations in 
the duty cycle of the input dock signal thus do not af- 
fect the duty cycle of the internal clock signal on line 
CORECLK. In the preferred embodiment of the in- is 
vention, the delay period is selected according to the 
propagation delay of the worst case logic path, thus 
ensuring proper operation of integrated drcuit 2 re- 
gardless of the duty cyde of the input dock signal, 
and thus over a wide range of duty cyde timing spec- 20 
ifications. 

Meanwhile, frequency divider 10 is generating a 
dock signal on line BUSCLK that is at half the fre- 
quency of the input clock signal at terminal CLKIN. 
Accordingly, the operation of bus interface unit 6 can 25 
be controlled in a manner consistent with externally 
connected integrated circuits, while stai allowing the 
operation of core unit 4 to perform at the highest prac- 
ticable clock rate. 

Referring now to Figure 2, the construction offre- 30 
quency divider 10 and dock generator 12 according 
to the preferred embodiment of the invention will now 
be described in detafl. 

Frequency divider 10 in this example of the in- 
vention is of substantially conventional design, and in- 35 
dudes a reset function by which its output may be sus- 
pended. Line CLKIN communicates the input dock 
signal (after buffering if desired) to inverters 13 and 
17, which generate complement and true dock sig- 
nals on lines CLKc and CLKt, respectively. Each of 40 
pass gates 24, 28 consist of complementary MOS 
transistors having their source/drain paths connected 
in parallel with one another, and having their gates 
connected to complementary lines CLKt, CLKc so as 
to be simultaneously on or off. 45 

Line RST communicates a reset signal from else- 
where in integrated circuit 2 to an input of NAND gate 
22 in frequency divider 10 and to start/stop logic 30 
in dock generator 12. Line RST is preferably buffered 
within integrated circuit 2, in the conventional man- 50 
ner, to eliminate false resets due to noise, and to en- 
sure proper phase synchronization after reset The 
second in put of NAND gate 22 is connected to the out- 
put of frequency divider 10 on line BUSCLK. During 
non-reset modes, the low logic level on line RST pros- 55 
ents a high logic level (via inverter 21) to one input of 
NAND gate 22, allowing the state of line BUSCLK to 
control the output of NAND gate 22. 

The output of NAND gate 22 is connected to one 



side of pass gate 24. The other side of pass gate 24 
is received by latch 28 and communicated to one side 
of pass gate 26 (after inversion by inverter 27 to ac- 
count for the inversion by latch 28). Latch 28, in this 
example and elsewhere within this embodiment of 
the invention, consists of a pair of cross-coupled in- 
verters where the feedback inverter has significantly 
weaker drive than the feed-forward inverter so that it 
can be rapidly overwritten as a new logic level is re- 
ceived at its input; this weaker drive is illustrated in 
Figure 2 by an asterisk in the feedback inverter of 
latch 28 (and in other latches in Figures 2 and 3). 

In this example, pass gate 24 is operable to pass 
the state of the output of NAND 22 to latch 28 during 
the low level phase of the input dock signal on line 
CLKIN. Accordingly, if line RST is low during this 
phase, the logical complement of the state of line 
BUSCLK is communicated to latch 28 during low 
phases of the input dock signal. After inversion by in- 
verter 27, the state of latch 28 is communicated to 
pass gate 26. 

Pass gate 26 has rts other side connected to latch 
20 which, via inverter 19, drives line BUSCLK. In this 
example, pass gate 26 has its gates controlled by 
lines CLKt, CLKc in a complementary manner relative 
to pass gate 24, such that pass gate 26 is conductive 
during high level phases of the input dock signal at 
line CLKIN. Accordingly, the complement of the state 
of line BUSCLK thus requires both a low level phase 
and a high level phase to be communicated back to 
latch 20, for presentation (after inversion by inverter 
19) on line BUSCLK as a logic level transition of this 
output dock. As such, the frequency at which line 
BUSCLK toggles will be exactly one-half that of the 
input clock signal at line CLKIN. 

As noted above, when line RST is at a low logic 
level, NAND gate 22 is operable to respond to the 
state of line BUSCLK; conversely, in a reset or sus- 
pend operation, where line RST,is at a high logic level, 
the output of NAND gate 22 is forced high regardless 
of the state of line BUSCLK. Accordingly, the state of 
line BUSCLK is held high during the reset condition. 

Start/stop logic receives line RST (via inverter 
21), line BUSCLK, and start and stop signals on lines 
STRT and STP, respectively. Start/stop logic 30 in- 
cludes such combinational logic as required to enable 
and disable dock generator 12 according to the reset 
condition on line RST, and according to the start and 
stop signals. Trie start and stop signals allow for sus- 
pension of the output dock signal on line CORECLK, 
as will be described hereinbelow. 

The input dock signal at line CLKIN is communi- 
cated to an inverting input of NAND gate 34 and to a 
non-inverting input of NAND gate 38. The second in- 
put of NAND gate 34 receives line 2XEN which en- 
ables dock doubling with a high logic level. The out- 
put of NAND gate 34 is communicated, via inverting 
delay stage 35, to the second input of NAND gate 36. 
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Delay stage 35 may consist of several inverters in ser- 
ies, of a conventional single delay stage, or other con- 
ventional delay circuits for delaying the propagation 
of the signal from the output of NAND gate 34 to the 5 
input of NAND gate 36 for a selected time. As a result, 
NAND gate 36 will present a low logic level pulse re- 
sponsive to the rising edge of the input clock signal 
at line CLKJN, and having a pulse width correspond- 
ing to the propagation delay of NAND gate 34 and de- 10 
lay stage 35. The output of NAND gate 36 is connect- 
ed to the gate of a p-chanrtel transistor 38 having its 
source-drain path connected between and the in- 
put of latch 40; the output of latch 40 drives I ine COR- 
ECLK via inverter 41 . is 

The input dock signal on line CLKIN is also con- 
nected to fixed delay stage 14f and variable delay 
stage 14v, connected in series. In this example, and 
as will be described in further detail hereinbetow, va- 
riable delay stage 14v receives inputs on line TEST 20 
and on j select lines 1 5j, as shown in Figure 1 . The out- 
put of variable delay stage 14v on line CLKDELAY is 
connected to a non-inverting input of NAND gate 46 
and to an inverting input of NAND gate 44. The sec- 
ond input of NAND gate 44 receives line 2XEN. As in 25 
the above-described case, the output of NAND gate 
44 is connected to a second input of NAND gate 46 
via inverting delay stage 45. As a result, the output of 
NAND gate 46 will present a low logic level pulse re- 
sponsive to the rising edge of the signal on line 30 
CLKDELAY from variable delay stage 14v, having a 
pulse width defined by the delay through NAND gate 
44 and delay stage 45. The output of NAND gate 46 
is connected, after inversion by inverter 47, to the 
gate of an n-channei transistor 42 having its 35 
source/drain path connected between the input of 
latch 40 and ground. 

NAND gate 46 also receives an input from the 
output of start/stop logic 30, thus allowing the reset 
signal on line RST, and the start and stop signals on 40 
lines STRT and STP, to control the operation of dock 
generator 12 in the dock doubting mode. For exam- 
ple, if start/stop logic 30 drives a low logic level at its 
output, the output of NAND gate 46 wil be forced high, 
ensuring that n- channel transistor 42 does not turn 45 
on. In such an event, latch 40 cannot be overwritten 
with a low level, thus disabling transitions of the dock 
signal on line CORECLK. 

Line 2XEN is also connected to an inverting input 
of NAND gate 50, which receives the input dock sig- 50 
nal on line CLKIN at its other input The output of 
NAND gate 50 is connected to pass gate 46 in com- 
plementary fashion (via inverter 49); as such, pass 
gate 48 is made non-conductive when line 2XEN is 
high, during the dock doubling mode. ss 

Clock generator 12 according to this example 
also can provide a naif-frequency clock signal on fine 
CORECLK during the non-dock doubling mode indi- 
cated by line 2XEN being at a low logic level. NAND 



gate 32 receives the output of latch 28 in frequency 
divider 10 at one input and receives the output of 
start/stop logic 30 at the other input Start/stop logic 
30 is therefore able to gate the application of the out- 
put of latch 28 to the frequency divider portion of dock 
generator 12, such as is useful in suspending its op- 
eration (as in the case of line RST being high for fre- 
quency divider 10) and restarting it in a synchronous 
manner. 

The output of NAND gate 32 is presented to one 
side of pass gate 48. The opposite side of pass gate 
48 is coupled to the input of latch 40. Considering the 
effect of NAND gate 50 and inverter 49, the n-channel 
transistor in pass gate 48 receives a signal corre- 
sponding to the input dock signal on line CLKIN, and 
the p-channel transistor in pass gate 48 receives a 
signal corresponding to the logical complement of the 
input dock signal on line CLKIN; as such, pass gate 
48 is gated similarly as pass gate 26 in frequency div- 
ider 1 0. As a result in non-clock doubling mode, dock 
generator 12 is configured similarly as frequency div- 
ider 10 (with the two circuits sharing the first portion 
thereof of NAND gate 22, pass gate 24 and latch 28), 
for generating a half-frequency dock on line COR- 
ECLK. In the mode, therefore, the frequency of the 
clock signal on lines CORECLK and BUSCLK are 
identical. 

Figure 4a illustrates the operation of clock gener- 
ator 12 in dock doubling mode, selected by line 2XEN 
being at a high logic level. For purposes of clarity of 
description, small propagation delays and charging 
transients are not shown in Figure 4a. In this mode, 
a rising edge on line CLKIN first causes the output of 
NAND gate 36 (node S in Figure 4a) to go to a low log- 
ic level. This low logic level at the output of NAN D gate 
36 continues until the rising edge propagates through 
NAND gate 34 and delay stage 35; this propagation 
delay is shown in Figure 4a as 635. and defines the 
pulse width of the low logic level at node S. Respon- 
sive to node S being low, transistor 38 turns on, charg- 
ing the input of latch 40 high which, via inverter 41, 
drives line CORECLK high. Accordingly, in dock dou- 
bling mode the rising edge of the input dock signal 
operates to set the output of clock generator circuit 12 
on line CORECLK. 

The rising edge of the input dock signal at line 
CLKIN also propagates through delay stages 14f, 
14v, appearing at line CLKDELAY after the delay per- 
iod &u (i-o-. the propagation delay through delay sta- 
ges 14f, 14v). At such time as the rising edge of the 
input dock signal appears on line CLKDELAY, the 
output of NAND gate 46 goes to a low logic level (the 
other inputs to NAND gate 46 being high). The low 
logic level at the output of NAND gate 46, via inverter 
47, drives the gate of n-channel transistor 42 (node R 
of Figures 2 and 4a) high, turning on transistor 42 and 
discharging the input of latch 40 to ground. Latch 40 
and inverter 41 , in turn, drive line CORECLK low in re- 
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sponse to transistor 42 being turned on. Accordingly, 
the rising edge of the signal on line CLKDELAY oper- 
ates to reset the output of clock generator 12 on line 
CORECLK to a low level, delayed from the high level 5 
transition by t he delay time &, 4 of programmable delay 
stage 14. 

It should be apparent to one of ordinary skil in the 
art that the duration of the pulse width of the low logic 
level pulse at node S (i.e.. the time delay 835) and the 10 
duration of the high logic level pulse at node R (i.e., 
the time delay 645) should be selected to ensure that 
the input to latch 40 is fully charged and discharged, 
respectively, in each cycle. However, these delays 
should also be selected to prevent the set and reset 15 
pulses from overlapping, as such would cause a 
crowbar condition (Le., direct short from to 
ground) through transistors 38 and 42. 

As a result of the operation of clock generator 12, 
a clock signal is generated on line CORECLK which 20 
is at the same frequency as the input clock signal, but 
which has a duty cycle independent from that of the 
input clock signal. This is because the duration of one 
of the phases of the clock on line CORECLK is de- 
pendent upon the time between the set and reset 25 
pulses (at low and high levels, respectively, in this ex- 
ample). According to this embodiment of the inven- 
tion, the time between the set and reset pulses de- 
pends solely upon the delay period through pro- 
grammable delay 14 (he., through delay stages 14f, 30 
1 4v), and does not depend upon the duty cycle of the 
input clock signal on line CLKIN. Indeed, in the exam- 
ple of Figure 4a, it should be noted that the duration 
of the high level phase on line CORECLK is greater 
than that of the input clock signal on line CLKIN. As 35 
will be discussed in further detail herein below, this al- 
lows the duty cycle of the internal high frequency 
clock on line CORECLK to be optimized for the worst 
case phase, rather than for an average which is de- 
pendent upon the input clock signal. 40 

This independence of the duty cycle of the clock 
signal on line CORECLK is further evident from the 
later cycles (after time tj shown in Figure 4a. In these 
cycles, the duty cycle of the input clock signal on line 
CLKIN after time t 2 has become shorter than in the 45 
previous cycles illustrated in Figure 4a, to approxi- 
mately half that of the desired duration on line COR- 
ECLK. As in the prior cycles, however, the rising edge 
of the signal on line CLKIN causes a low logic level 
pulse at node S which, in turn, drives line CORECLK 50 
high. After expiration of the delay period &u after this 
edge, line CLKDELAY presents a rising edge which 
causes node R to be driven high, driving line COR- 
ECLK low. As a result the duty cycle of the clock sig- 
nal on line CORECLK remains constant, as deter- 55 
mined by the delay time &u of programmable delay 
stage 14, and is thus independent of the duty cycle 
of the input clock signal on line CLKIN. 

This construction of clock generator 12 thus pro- 



vides a high degree of stab9ity in the generation of a 
high frequency internal clock based on a received 
high frequency input clock signal. Particularly as mi- 
croprocessor clock frequencies increase to 25 MHz 
and beyond, the generation and presentation of ex- 
ternal dock signals of high quality and stability be- 
comes more difficult, especially considering ringing 
and other noise effects which become more pro- 
nounced with higher switching speeds. Since clock 
generator 12 according to this embodiment of the in- 
vention generates its dock signals based on edges of 
the input dock signal, and on internal delays, the 
clock signal on line CORECLK is not strongly affected 
by noise and other instabilities in the input dock sig- 
nal. 

Referring next to Figure 4b, the operation of clock 
generator 12 in the non-dock doubling mode, indicat- 
ed by line 2XEN being at a low logic level, will now be 
described. With line 2XEN at a low logic level, the out- 
puts of NAND gates 34 and 44 are both forced high, 
causing transistors 38 and 42 to both be held in the 
off condition in this mode. The low logic level on line 
2XEN also enables NAND gate 50 to respond to the 
input clock signal on line CLKIN, so that pass gate 48 
receives complementary gating signals correspond- 
ing to line CLKIN. 

The cydes illustrated in Figure 4b begin with the 
initial condition of line BUSCLK (and thus node IN20 
at the input of latch 20) at a high logic level, and line 
CORECLK (and thus node IN40 at the input of latch 
40) at a high logic level. Upon the foiling edge of line 
CLKIN (corresponding to a rising edge on line CLKc 
and a falling edge on line CLKt), pass gate 24 is made 
conductive, communicating the state of line BUSCLK, 
inverted by NAND 22, as a low logic level to node 
IN28 at the input to latch 28. This low logic level is also 
communicated via NAND gate 32 (the output of 
start/stop logic 30 being high to enable operation) as 
a low level (inverted twice by latch 28 and NAND gate 
32) to node IN48 at the input to pass gate 48. Pass 
gates 26 and 48 are non-conductive during this phase 
of the input clock signal, as they are gated in a com- 
plementary fashion relative to pass gate 24. 

Upon the rising edge of the input clock signal, 
pass gates 26 and 48 become conductive and pass 
gate 24 turns off. Latch 28 retains its low logic level 
input at this time due to the operation of its feedback 
inverter. With pass gate 26 conductive, the state of 
node IN28 is communicated (after inversion by latch 
28 and by inverter 27) to node IN20 at the input of 
latch 20, thus presenting a low logic level on line 
BUSCLK. Similarly, with pass gate 48 conductive, 
the low logic level at node IN48 is communicated to 
the input of latch 40 (node IN40), and presented on 
line CORECLK. 

This operation of frequency divider 10 and clock 
generator 12 in the non-dock doubling mode contin- 
ues, with the alternating state of line BUSCLK fed 
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back through NAND gate 22 into frequency divider 10. 
As a result, in this mode the frequencies of the signals 
on lines BUSCLK and CORECLK are equal to each 
other, at half the frequency of the input clock signal s 
frequency at line CLKIN. 

As noted hereinabove relative to Figure 4a, the 
propagation delays through this circuit are not ilu- 
strated in Figure 4b, for clarity of description. How- 
ever, for purposes of stability, it may be preferable to 10 
insert delay stages, such as inverter chains, at cer- 
tain locations in the circuit, thus ensuring that a logic 
transition is not occurring at the input to a pass gate 
at the same time as the pass gate turns off. For ex- 
ample, inverter 27 may be replaced by a series of in- is 
verters, with propagation delay there through as de- 
sired. 

In addition, clock generator 12 may be read By 
configured to provide a complementary clock signal 
to the signal on line CORECLK, for example by pro- 20 
viding a simBar circuit to that of latch 40 and transis- 
tors 38, 42, 48, but which operates in complementary 
fashion. It is contemplated that other clock signals 
may be generated from those signals shown in Figure 
2 by the addition of such elementary logic as would 25 
be known by one of ordinary skill in the art having ref- 
erence to this description. 

According to this embodiment of the invention, 
the ability of clock control circuit 8 to seJectably oper- 
ate in either the clock doubling mode or non-clock 30 
doubling mode, depending upon the state of line 
2XEN, provides significant advantages in the design 
and operation of integrated circuit 2 over prior techni- 
ques. According to prior techniques, a control signal 
selected, for certain integrated circuit functions (such 35 
as the core unit and the bus interface unit), which of 
the clock signals was to control their operation; as 
such, the functional circuitry necessarily required rel- 
atively complex circuitry to implement this ability to 
respond to a selected clock signal, with such circuitry 40 
necessarily affecting the most critical timing path of 
the high frequency internal clocks. In this embodi- 
ment of the present invention, however, the ability of 
clock control circuit 8 to generate output clock signals 
in a selected mode allows the functional circuitry, 45 
such as core unit 4, to be designed so that it need only 
respond to a single internal clock signal, as the deter- 
mination of the core clock frequency is made by clock 
control circuit 8. 

As noted above, the selection of which clock so 
mode is made, in this example, by the bonding of pad 
2XEN to a power supply or ground pad. This method 
of selecting the clock mode is especially beneficial to 
the manufacturer, as only a single type of integrated 
circuit 2 need be fabricated in order to provide inven- 55 
tory for both types of products (dock doubled or not), 
as the selection of the operation mode need not be 
made at the initial wafer fabrication stage, but instead 
is determined in the packaging operation. Further- 



more, the user of integrated circuit 2 according to this 
embodiment of the invention is not required to make 
any provision, such as externally connecting a termi- 
nal high or low, in order to maintain the proper desired 
operating mode. 

Referring back to the clock doubling mode of Fig- 
ure 4a, clock generator 1 2 according to the present in- 
vention thus generates an internal clock signal having 
a duty cycle which depends upon a delay time 
through programmable delay stage 14. In modern 
high complexity integrated circuits such as micropro- 
cessors and math co- processors, one of the two 
clock phases will control the worst case logic propa- 
gation path, such that the duration of the worst case 
phase wBI be critical in the operation of the circuit (i.a, 
if the duration of this worst case clock phase is too 
short, the circuit will malfunction). According to the 
preferred embodiment of the invention, and as shown 
in Figure 2, programmable delay stage 14 preferably 
includes a fixed delay stage 14f and a variable delay 
stage 14v, such that the delay time &u, and thus the 
duration of the worst case clock phase, may be set or 
altered either during characterization, production test 
or in operation. 

In setting delay time S 14 , the circuit designer 
should consider, by way of modeling or other charac- 
terization, the worst case high speed logic path in 
core unit4fbra possible instruction or logic operation, 
and add to the time required for this worst case path 
(y a certain safety margin time (t^ to arrive at a mini- 
mum clock phase duration (t h = t d + t m ), which will cor- 
respond to the delay time 5*4. In order to ensure com- 
pliance over the full specification range of the circuit, 
it would be preferable that the ratio V*n remain sub- 
stantially constant over voltage, temperature, and 
processing conditions. In particular, ft is desirable that 
integrated circuits such as microprocessors, math co- 
processors and the like be able to operate over a wide 
voltage range, including not only traditional levels of 
the Vqc power supply voltage (Le., nominally 5 volts) 
but also the lower V w levels (i.e., nominally 3.3 volts) 
that are expected to be necessary for modern inte- 
grated circuits having sub-micron physical features. 

Referring now to Figure 3, the construction of 
programmable delay stage 14 according to the pre- 
ferred embodiment of the invention wil now be de- 
scribed. This construction of programmable delay 
stage 14 includes such features as to provide a delay 
time 8 U that matches variations in voltage, tempera- 
ture and processing which affect the minimum clock 
phase duration time th, and to provide the abiity to 
readily change the delay time b u as necessary. 

Fixed delay stage 1 4f receives the input clock sig- 
nal on line CLKIN via pass gate 59, controlled in com- 
plementary fashion by the signal on line 2XEN. In 
non-clock doubling mode (since the clock signal on 
line CLKDELAY is not used; see Figures 3 and 4b) 
with line 2XEN low, pass gate 59 is non-conductive; 
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during clock doubling mode, pass gate 59 remains 
conductive. Fixed delay stage 14f v according to this 
embodiment of the invention, includes multiple delay 
elements of various logic types, selected according to 5 
the worst case propagation delay in core unit 4 or 
elsewhere in circuit 2. The use of multiple types of de- 
lay elements, rather than many delay elements of the 
same type (e.g., a string of inverters), provides a high 
degree of matching of the delay through fixed delay 10 
stage 14f to variations of the worst case logic pat h re- 
sulting from changes in temperature, processing, and 
bias voltage, thus accounting for variations in the 
propagation delay among various types of circuit ele- 
ments as a function of voltage, temperature, and proo- is 
ess parameters. In this embodiment of the invention, 
fixed delay stage 14f includes latch 52, inverter 53, 
NOR gate 54 (with another input tied to ground), 
three-input NAND gate 55 (with its two other inputs 
tied high), two-input NAND gate 56 (with its other in- 20 
put tied high), pass gate 57 (biased on), and capaci- 
tors 58a, 58b biased to and ground, respectively. 
Capacitors 58a, 58b represent parasitic capacitances 
in core unit 4, and may be implemented as separate 
capacitors in fixed delay stage 14f, or by way of para- 25 
sctic capacitances therein. While one of each type of 
delay element is Slustrated in Figure 3, fixed delay 
stage 14f may include multiple ones of these ele- 
ments, multiple chains of elements, or such other ele- 
ments and combinations as useful to mimic the worst 30 
case core unit 4 delay path. 

Variable delay stage 14v, according to this em- 
bodiment of t he invention, receives the output of fixed 
delay stage 1 4f , and adds a selectable amount of de- 
lay thereto, prior to presenting the result at Hs output 35 
on line CLKDELAY. Variable delay stage 14v in this 
embodiment of the invention can select various de- 
lays in a special test mode, with a default delay set by 
way of metal mask options. In addition, as will be evi- 
dent from the following description, the selection of 40 
the delay through variable delay stage 14v may be 
made in substantially equal increments by a binary 
code, thus allowing great flexibility in the selection of 
the overall delay time &, 4 . 

In this example, variable delay stage 14v in- 45 
eludes four individually selectable delay paths. The 
most significant delay path is a set of four inverter 
pairs 60 selectable by multiplexer 64* Simiarly, the 
next most significant delay path has two inverter 
pairs 60 selectable by multiplexer 64* with the next 50 
most significant delay path having one inverter pair 
60 selectable by multiplexer 64j. Each of the inverter 
pairs 60 preferably has the same propagation delay 
there through (Le., delay 8% The least significant de- 
lay path is implemented by the connection of capao- 55 
itor61 by pass gate 62, adding a capacitive load which 
preferably matches one-half the delay S' of an inver- 
ter pair 60, or the propagation delay of a single inver- 
ter. Accordingly, the delay time through variable delay 



stage 14v may be selected in a binary fashion, as the 
four selectable paths are weighted in a binary fashion 
(2 3 , 22, 2 1 , and 2° inverters, respectively). 

Multiplexers 64 (and pass gate 62) cause the ser- 
ies path of the clock signal from fixed delay stage 1 4f 
to either pass through associated delay elements, or 
pass directly to the next stage without being delayed, 
responsive to the control input applied thereto from 
multiplexers 70s through 70o, respectively. Each of 
multiplexers 64* 64* 64,, may be constructed as 
shown in Figure 3 for multiplexer 64* In this example, 
the source/drain path of pass gate 66 is connected 
between the incoming clock signal and the input to 
the next stage, whie pass gate 68 has its 
source/drain path connected between the output of 
the final delay element 60 and the input to the next 
stage. Pass gates 66, 68 in each multiplexer 64 are 
gated in complementary fashion by the control signal 
from its associated multiplexer 70, via inverters 65, 
67, so that one is on whie the other is off. As such, 
the output of multiplexer 70 will control whether the 
delayed version or the non-delayed version of the in- 
coming clock signal from fixed delay stage 14f (or 
from the prior multiplexer 64) is applied to the input 
of the next stage in variable delay stage 14v. The 
least significant delay stage of capacitor 61 is select- 
ed by the combination of a pass gate 62 having its 
source/drain path connected between capacitor 61 
and line CLKDELAY, and having its gates controlled 
in complementary fashion by the output of multiplexer 
70* 

Multiplexers 70 select between the value of a test 
signal input on an associated select line 15 or a de- 
fault value, in communicating to multiplexer 64 (or 
pass gate 62) whether or not its associated delay val- 
ue is to be included; multiplexers 70 are controlled by 
a signal indicating whether or not test mode is en- 
abled. A default value is presented to each of multi- 
plexers 70 by way of an associated weak inverter 77 
having both its input and its output tied to a fixed vol- 
tage. For example, Figure 3 shows the inputs and out- 
puts of each inverter 77 tied to V^, in which case in- 
verters 77 will each drive a high voltage at their out- 
put This state of each inverter 77 can be altered by 
opening the connection between its output and the 
f ixed voltage by way of a metal mask, fuse, laser cut, 
or the like, allowing inverter 77 to drive its output to 
the opposite state. In the alternative, the default con- 
dition may be set by an electrically programmable ele- 
ment a register bit by software, or other convention- 
al techniques. 

Each multiplexer 70, in this example, receives a 
select line 15 at one input the output of inverter 77 
at another input and the output of NAND gate 72 as 
the control input NAND gate 72 receives line 2XEN 
at one input and line TEST at its other input The out- 
put of NAND gate 72 is connected to the gates of a 
first pass gate 74 in complementary fashion (via in- 
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verier 73), and to the gates of a second pass gate 76 
in a manner complementary to fts connection to pass 
gate 74; as such, either pass gate 74 or pass gate 76 
will be made conductive, depending upon the state of 5 
the output of NAND gate 72. The output of NAN D gate 
22 is also fed directly to the control input of the next 
multiplexer 70 in line. With the output of NAND gate 
72 low, pass gate 74 will be conductive and connects 
select line 1 5 to the control input of multiplexer 64 (or 10 
to pass gate 62 in the case of multiplexer 70*); a high 
output from NAND gate 72 will make pass gate 76 
conductive, connecting the output of inverter 77 to 
the control input of multiplexer 64 (or pass gate 62 in 
the case of multiplexer 70b). *5 

In operation, in a non-dock doubling mode (line 
2XEN low) , t he outputs of inverters 77 are selected by 
all multiplexers 70, presenting the default delay value, 
preventing metastaWe or indeterminate conditions in 
variable delay stage 14 v. In clock doubling mode, the 20 
state of line TEST (at the other input of NAND gate 
72) wfll control multiplexers 70. In a non-test mode, or 
normal operating mode, the output of the array of in- 
verters 77 will determine the delay presented by va- 
riable delay stage 1 4v, ranging from no delay up to the 25 
propagation delay of fifteen inverters, selectable in 
single inverter (i.e., capacitor 61) increments in binary 
fashion by the four inverters 77. 

In test mode, the state of select lines 15 wil de- 
termine the delay through variable delay stage 14v, 30 
in a binary fashion by the state of the four select lines 
15j. Test mode may be enabled by any one of the 
known techniques in the integrated circuit ait, includ- 
ing the provision of a dedicated test mode terminal or 
pad, an overvoltage condition on one of the normal in- 35 
put terminals to the circuit, a special code executed 
by circuit 2, or other known techniques. With line 
TEST high, pass gates 74 in multiplexers 70 wfll all be 
on, allowing the state of select lines 15 to determine 
the variable delay length. Accordingly, in this mode, 40 
one may operate circuit 2 with varying delay times &u 
to determine the shortest delay time &u, and thus the 
minimum clock phase duration (y for which circuit 2 
can stfll successfully operate under a given voltage or 
temperature condition. 45 

It is contemplated that the provision of variable 
delay stage 14v, and its use during a test mode, will 
be of benefit primarily to the production and design 
engineers of a particular integrated circuit 2. This is 
because initial prototype samples may be character- so 
ized in test mode to determine a minimum, yet safe, 
delay time 5^ for varying operating conditions and 
functions, thus allowing selection of the proper de- 
fault value by opening the appropriate lines at the out- 
put of inverters 77 in variable delay stage 14 v. Fur- 55 
thermore, the use of the test mode can allow for per- 
iodic measurement of the minimum delay time fcu as 
the circuit 2 is being produced, and accordingly for 
modification of the metallization mask setting the 



states of inverters 77 over time. 

This construction of variable delay stage 14v may 
also be used, if desired, to individually set the state 
of inverter 77 for each functional circuit, for example 
by opening a pdysilicon fuse at the output of each in- 
verter 77 by way of a laser or an avalanche condition. 
Further in the alternative, the manufacturer of the cir- 
cuit may be able to select the proper metal mask in 
process, based upon threshold voltages, channel 
lengths and other measurable parameters during the 
fabrication of circuit 2. Of course, multiplexers 70 may 
further alternatively be responsive to a register loca- 
tion, such that the propagation delay through variable 
delay stage 14v can be set by software. 

As a result of the preferred embodiment of the in- 
vention, therefore, the duration of the worst case 
dock phase depends upon a fixed value, closely 
matching variations in voltage, temperature and proc- 
essing, plus a variable amount that can be readily se- 
lected. Accordingly, an embodiment of the present in- 
vention may provide for the generation of a high fre- 
quency (twice the bus clock frequency) internal dock 
generated from an external input clock signal which 
may have unstable duty cyde, and also the ability to 
tune and select the duty cyde of the internal dock so 
as to match variations in temperature and processing 
conditions. In particular, the internal clock so gener- 
ated can be sufficiently stable relative to changes in 
the power supply voltages so as to enable the design 
and manufacture of high speed, high complexity logic 
circuits such as microprocessors, math co-proces- 
sors and the like that can operate both at convention- 
al (5 volt) power supply voltages as well as at low (3.3 
volt) power supply voltages. 

The above-described embodiment of the inven- 
tion is d reded to the internal clock distribution sys- 
tem which generates a half-frequency dock for bus in- 
terface operations (line BUSCLK) and a high speed 
dock for core unit operations (line CORECLK) that is 
at the same frequency as the input dock signal. Of 
course, by induding conventional frequency multipli- 
ers and ot her frequency synthesizer drcuits, one may 
generate internal dock signals of higher or lower fre- 
quencies than that of the input dock signal. It is con- 
templated that one of ordinary skill in the art, having 
reference to this specification and the drawings, will 
be readily able to utflize the benef its of the present in- 
vention in such applications. 

Referring now to Figure 5, another exemplary 
embodiment of the invention is illustrated in block 
form in which an internal dock signal is generated on 
line CORECLK at twice the frequency of the input 
dock signal. In the embodiment, the input dock sig- 
nal on line CLKIN is communicated to edge detector 
circuit 80, which generates a rising edge at its output 
to the set input of dock generator 112 responsive to 
efther a rising or foiling edge on line CLKIN. Line 
CLKIN is also connected to programmable delay 
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stage 114, constructed similarly as programmable 
delay stage 14 described hereinabove. The output of 
programmable delay stage 114 on line CLKDELAY is 
connected to edge detector 82, which detects either 5 
a rising or falling edge at its input and generates a ris- 
ing edge at its output responsive to either a rising or 
falling edge on line CLKDELAY. The output of edge 
detector 82 is connected to the reset input of clock 
generator 112. Clock generator 112 is constructed 10 
similarly as clock generator circuit 12 described here- 
inabove. 

In operation, each transition of the input clock sig- 
nal on line CLKIN is detected by edge detector 80, 
which applies a pulse at the set input of clock gener- 15 
ator 112 and, in this case, drives high the Q output of 
clock generator 112 at line CORECUC After elapse of 
the delay period ^ Ut the input clock transition will ap- 
pear on line CLKDELAY and will be detected by edge 
detector 82 which, in turn, applies a pulse to the reset to 
input of clock generator tircuft 112. The reset signal 
will drive line CORECLK at the Q output of clock gen- 
erator circuit 112 to a low logic level. Accordingly, 
since each transition (rising or falling) causes both a 
set pulse and a reset pulse to be applied to dock gen- 25 
erator 112, the frequency at the output of dock gen- 
erator 112 will be at twice the frequency of the input 
clock signal. 

Referring now to Figure 6, the construction of a 
dock multiplier arrangement according to another al- 30 
ter native embodiment of the invention will now be de- 
scribed. In the arrangement of Figure 6, the frequen- 
cy of the dock signal on line CORECLK is again mul- 
tiplied from that on line CLKIN; in this example, the 
frequency is doubled. Line CLKIN is received by rising 35 
edge detector 84, constructed similarly as NAND 
gates 34, 36 and delay stage 35 in clock generator 12 
shown in Figure 2, to provide a pulse responsive to a 
rising edge of the signal on line CLKIN; in contrast to 
the arrangement of Figure 5, no pulse is generated by 40 
rising edge detector 84 responsive to a tailing edge on 
line CLKIN. The output of rising edge detector 84 is 
connected to a first input of OR gate 92. 

Line CLKIN is also connected to a series of delay 
stages 214, 216, 218, each of which has a separate 45 
delay period (although one or more may have the 
same delay period, if desired). Delay stages 214, 216, 
218 preferably indude fixed and variable portions, as 
described hereinabove relative to programmable de- 
lay stage 14. The output of delay stage 214 is con- so 
nected to rising edge detector 86, which in turn has its 
output connected to one input of OR gate 94. The out- 
put of delay stage 216 is connected to rising edge de- 
tector 88, which has its output connected to a second 
input of OR gate 92. Similarly, the output of delay 55 
stage 218 is connected to the input of rising edge de- 
tector 90, which has its output connected to a second 
input of OR gate 94. 

OR gate 92 drives the set input of clock generator 



212 with its output while OR gate 94 drives the reset 
input of dock generator 212 with its output Clock 
generator 212 may be constructed similarly as clock 
generators 12 and 112 described hereinabove. Ac- 
cordingly, dock generator 12 presents a high logic 
level at its Q output, on line CORECLK, responsive to 
a pulse at its set input, and resets its Q output to a low 
logic level responsive to a pulse at its reset input 

According to the embodiment of Figure 6, there- 
fore, the dock signal on line CORECLK is at twice the 
frequency of the input clock signal on line CLKIN, with 
the delay periods 6214. Szie. 8218 determining the dur- 
ation of three successive phases in two cydes; the 
fourth phase in the second cyde is determined by the 
difference between the period of the input dock sig- 
nal on line CLKIN and the sum of the delay periods 
6214. $216. Referring now to Figure 7, the opera- 
tion of the arrangement of Figure 6 will now be descri- 
bed. As in the above cases, small propagation delays 
are not shown, for purposes of darity. 

In Figure 7, the rising edge of line CLKIN is de- 
tected by rising edge detector 84, which presents a 
high level pulse (OUTm in Figure 7) to an input of OR 
gate 92 and thus to the set input of dock generator 
212. Accordingly, this rising edge of line CLKIN ini- 
tiates a rising edge of the dock signal on line COR- 
ECLK. After delay period 6^4 has elapsed from the 
rising edge on line CLKIN, a rising edge is presented 
to rising edge detector 86, which issues a high level 
(OUTee) to OR gate 94 and thus to the reset input of 
clock generator 212. This pulse from OR gate 94 
causes dock generator 212 to reset its Q output As 
a result, the high level phase of the first cyde of the 
clock signal on line CORECLK is determined by the 
delay period 6214. 

The rising edge of line CLKIN ripples next 
through delay stage 216 which, after delay time 6216. 
presents a rising edge to rising edge detector 88. A 
pulse (see OUTaa) is then presented to OR gate 92, 
to again cause dock generator 212 to present a high 
level at its Q output on line CORECLK. Accordingly, 
the delay time §21 e defines the duration of the low lev- 
el phase of the first cyde of the dock signal on line 
CORECLK. 

The rising edge next ripples through delay stage 
218, causing a rising edge to be presented, after an 
additional delay time £21* to rising edge detector 90. 
Rising edge detector 90 then presents a pulse (see 
OUTgo) to OR gate 94, sending a pulse to the reset in- 
put of dock generator 212, resetting line CORECLK 
to a low logic level. Accordingly, the duration of the 
high level phase of the second cycle of the dock sig- 
nal on line CORECLK is defined by the delay time 

The Q output of dock generator 212 on line COR- 
ECLK remains at a low logic level untfl the next rising 
edge of the input dock signal on line CLKIN is re- 
ceived. As such, the delay times 5^, 621s. 621s must. 
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of course, be selected so that their sum does not ex- 
ceed the period of the input dock signal, as such a sit- 
uation would result in an unstable clock on line COR- 
ECLK The duration of the second low phase of the 5 
output dock signal on line CORECLK is thus defined 
by the difference in period in the input dock signal 
less the sum of the delay times 6214. 821* $21** tnis 
duration is shown in Figure 7 as time tu> 

The arrangement of Figure 6 thus provides for 10 
stable frequency multiplication, independent of the 
phase duration or duty cyde of the input dock signal, 
as the phase durations are defined by the delay times 
in the dock control rircurt As such, the duty cyde of 
the input dock may vary without affecting the duty is 
cyde of the output dock signal, particularly since the 
felling edge of the input dock signal is not used in, and 
does not affect, the generation of the output clock sig- 
nal. In addition, the delay times may be selected so 
that alternating output dock periods can have differ- 20 
ent phase durations. Furthermore, multiplication of 
the input dock frequency to other integral multiples 
(three and up) may be readily implemented, merely by 
stacking additional delay stages in a similar manner, 
so long as the sum of the delay times is less than the 25 
period of the input dock signal. 

The arrangements described hereinabove rela- 
tive to Figures 5 and 6 may, of course, be used in con- 
junction with frequency divider 10 or such other dock 
generator or frequency synthesizer circuits as useful 30 
in circuits utilizing the present invention. In addition, 
these alternative embodiments may also be con- 
structed similarly as described hereinabove relative 
to Figure 2 to responds to the state of line 2XEN, or 
another control signal, so that the clock doubling 35 
mode may be selectaWy enabled or disabled. 

Figures 8 and 9 illustrate a clock multiplier circuit 
according to another alternative embodiment of the 
invention. In the arrangement of Figure 8, the fre- 
quency of the dock signal on line CORECLK is again 40 
multiplied from that on line CLKIN. In this embodi- 
ment, the frequency of CLKIN is doubled using only 
two delay stages 31 4a- b and three active edge detec- 
tors 96a-c For purpose of i lustration, active edge de- 
tectors 96a-c wfll be assumed to be rising edge detec- 45 
tors. CLKIN is received by rising edge detector 96a, 
whose output is connected to OR gate 98. A dock 
generator, shown in Figure 8 as an SR (Set-Reset) 
flip-flop 312a, has its set input coupled to the output 
of OR gate 98. The SR flip-flop shown in Figure 8 will so 
output a high logic level after its set input (S) is set 
high and will maintain the high logic level until the re- 
set input (R) is set high. After the reset input is set 
high, the SR flip-flop wfll output a low logic level until 
the set input is set high. The Q output of flip-flop 312a 55 
is the CORECLK signal. This signal is connected to 
delay stage 314a, constructed simBarty to program- 
mable delay stage 14 descrfoed hereinabove. The 
output of delay stage 314a is connected to rising edge 



detector 96b. The output of rising edge detector 96b 
is connected to the reset input of flip flop 312a and to 
one input of AND gate 1 00. The output of rising edge 
detector 96a is also connected to the set input of SR 
flip-flop 312b. The Q output of SR flip-flop 312b (the 
"FIRST_CYCLE" signal) is coupled to the other input 
of AND gate 100. The output of AND gate 100 is con- 
nected to the set input of SR flip-flop 31 2a The Q out- 
put of SR flip-flop 312c comprises the "FIRST_PH2" 
signal which is input to delay stage 314b. The output 
of delay stage 314b is input to rising edge detector 
96c. The output of rising edge detector 96c is connect- 
ed to the reset inputs of SR flip-flops 312b and 312c 
and to the second input of OR gate 98. 

The operation of the circuit of Figure 8 is best de- 
scribed in connection with the timing diagram of Fig- 
ure 9. Upon receiving an active (in this case, rising) 
edge of signal CLKIN, edge detector 96a outputs a 
pulse to one input of OR gate 98, thereby driving its 
output high. This causes the Q output of SR flip-flop 
312a to transition high, hence driving signal COR- 
ECLK high. The pulse generated by rising edge detec- 
tor 96a also drives the set input of SR flip-flop 312b, 
causing the FIRST_CYCL£ signal to transition high. 
The transition from low to high of CORECLK is de- 
layed through delay stage 314a (by a time period of 
§3 14a ) and then detected by rising edge detector 96b. 
In response to receiving the delayed rising edge of 
CORECLK, rising edge detector 96b outputs a pulse 
to the reset input of SR flip-flop 312a and to AND gate 
100. In response to this pulse, SR flip-flop drives 
CORECLK low. Upon receiving the pulse from edge 
detector 96b, AND gate 100 outputs a high pulse to 
the set input of SR flip-flop 312c, thereby driving the 
FIRST_PH2 signal high. Signal F1RST_PH2 is de- 
layed by delay stage 314b. Thereafter, the low-to- 
high transition of FIRST_PH2 is detected by rising 
edge detector 96c In response, edge detector 96c 
outputs a pulse to the reset inputs of SR flip-flops 
312b and 31 2c and to OR gate 98. Consequently, sig- 
nal CORECLK is driven high, signal FIRST_CYCLE is 
driven low and signal FIRST_PH2 is driven low. The 
low-to-high transition of CORECLK is delayed 
through delay stage 314a and detected by edge de- 
tector 96b. Once again, edge detector 96b causes the 
SR flip-flop 312a to drive CORECLK low. Since signal 
FIRST_CYCLE is low, the pulse received by AND 
gate 1 00 from rising edge detector 96b does not affect 
SR flip-flop 312c The circuit remains in this state, 
with CORECLK in a low logic state, FIRST.CYCLE in 
an low logic state and FIRST_PH2 in a low logic state, 
until the next active edge is received from the CLKIN 
signal. 

This embodiment of the present invention pro- 
vides essentially the same output signal as the circuit 
of Figure 6 with significantly less circuitry. In effect, 
SR flip-flop 312b counts to "1" and then disables SR 
flip-flop 312c from generating additional docks. The 
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circuit shown if Figure 8 could be expanded to gener- 
ate additional clocks responsive to an active CUON 
edge by setting the FIRST_CYCLE signal to "0* after 
counting a predetermined number of dock transi- 5 
tibns. 

Figures 10 and 11 illustrate another embodiment 
of the present invention, wherein the input clock sig- 
nal CLKJN may be multiplied by a factor n, which may 
be stored in a register or hard-wired into the circuit In to 
the circuit of Figure 10, only two delay stages 414a- 
b and three edge detectors 102a-c are used, regard- 
less of the value of n. Signal CLKIN is input to edge 
detector 102a, whose output is received by one input 
of OR gate 104. The output of edge detector 102a is is 
also connected to the reset input of counter 106. The 
output of OR gate 104 is coupled to set input of SR 
flip-flop 412, whose Q output comprises the COR- 
ECLK signal. The CORECLK signal is input to delay 
stage 414a whose output is connected to the input of 20 
edge detector 1 02b. The output of edge detector 1 02b 
is coupled to the reset input of SR flip-flop 412 and 
to the increment input of counter 106. The Q output 
of SR flip-flop 412 is received by delay circuit 414b, 
whose output is coupled to edge detector 102c. The 25 
output of edge detector 102c is coupled to one input 
of AND gate 105. The output of AND gate 105 is cou- 
pled to the other input of OR gate 104. The output of 
counter 106 is coupled to one input of comparator 
1 07. Trie value n, which may be hard-wired or stored 30 
in a register, is present on the other input of compar- 
ator 107. If the value of the output of counter 106 is 
equal to the value of n, the output of comparator 107, 
the "match" signal, transitions high. The match signal 
is coupled to an inverted input of AND gate 105. 35 

The operation oft he circuit of Figure 10 will be de- 
scribed using n=3. An active edge of the CLKIN signal 
causes the edge detector 102a to generate a pulse 
which resets counter 106 and drives the set input of 
SR flip-flop 412 high, thereby causing a low-to-high AO 
transition of the CORECLK signal. Upon reset, the 
counter 106 outputs a count of zero, thereby driving 
the match signal low (unless n = 0, which would be an 
inappropriate setting for the circuit). The low-to-high 
transition of CORECLK is input to edge detector 1 02b 45 
after the delay through delay circuit 414a. When de- 
tected by edge detector 1 02b, a pulse is output to the 
reset input of SR flip-flop 41 2 and to the increment in- 
put of counter 106. Hence, this pulse causes COR- 
ECLK to driven low, CORECLK to be driven high and so 
the counter 106 to be incremented by "1". The low-to- 
high transition of CORECL K is detected by edge de- 
tector 102c after the delay caused by delay stage 
414b. In response, edge detector 102c outputs a 
pulse to AND gate 1 05. Since the match signal is low, ss 
this pulse passes through AND gate 105. The pulse 
output by AND gate 1 05 passes through OR gate 1 04 
to the set input of SR flip-flop 412. Consequently, 
CORECLK is driven high. As previously described. 



the low- to-high transition of CORECLK is delayed 
through delay stage 414a and detected by edge de- 
tector 102b which outputs a pulse to drive CORECLK 
low and to increment the counter 1 06. Since the out- 
put of counter 106 now equals "2", the match signal 
remains low, and detection by edge detector 102c of 
the delayed low-to-high transition CORECLK drives 
the output of AND gate 105 high, thereby causing a 
low-to-high transition of CORECLK. The low-to-high 
transition of CORECLK is delayed through delay 
stage 414a and detected by edge detector 102b 
which drives CORECLK low and increments the 
counter 106 to a count of "3". A count of "3" causes a 
match in comparator 107, thereby driving the match 
signal high. A high match signal drives the output of 
AND gate 1 05 low regardless of the output of edge de- 
tector 102c. Therefore, the next pulse from edge de- 
tector 102c caused by the low-to-high transition of 
CORECLK is blocked by AND gate 105. Consequent- 
ly, the CORECLK signal wflJ remain in a low state until 
the next active edge of the CLKIN signal. 

As can be seen, the number of clock cycles gen- 
erated by SR flip-flop 412 in response to each active 
edge of the CLKIN signal is dependent on the value 
of n. The delay caused by delay stage 414a sets the 
time of the high logic level phase of that CORECLK. 
The delay generated by delay stage 414b sets the 
time of the low logic level phase of CORECLK except 
for the last low logic state which is determined not by 
the delay stage 414b, but instead by the occurrence 
of the next active edge of the CLKIN signal. 

Figures 12 and 1 3 ilustrate a clock multiplying cir- 
cuit using a single delay stage 514 to multiply an input 
dock by a factor of n. This circuit operates similarly 
to the circuit of Figure 1 0, except the delay stage 514 
sets the times for both the high and low logic levels 
of output CORECLK. In operation, edge detector 
108a detects the active edge of signal CLKIN. In re- 
sponse to detecting an active edge, 108a outputs a 
pulse to OR gate 1 04 which drives the set input of SR 
flip-flop 512 high, thereby driving the CORECLK sig- 
nal high. The pulse also resets counter 106. A low-to- 
high transition of CORECLK is delayed through delay 
stage 514 and input to felling edge detector 108b and 
rising edge detector 108c. In response to the low-to- 
high transition of CORECLK, edge detector 1 08c out- 
puts a pulse to increment counter 1 06 and to drive the 
reset input of SR flip-flop 512 high, thereby driving 
CORECLK low. The match signal output from com- 
parator 107 remains low until the value output from 
counter 106 equals the value n at the input of the 
comparator 107. The higrhto-low transition of COR- 
ECLK is detected by felling edge detector 108b, after 
the delay caused by delay stage 514. In response to 
detecting the high-to-low transition of CORECLK, 
edge detector 108b outputs a pulse to AND gate 105. 
While the match signal is low, a pulse from edge de- 
tector 108b generates a similar pulse on the output of 
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AND gate 105, which drives the set input of SR flip- 
flop 512 high, thereby causing a low-to-high transition 
of the CORECLK signal. 

Hence, the falling edge detector 108b detects a s 
high-to-low transition of CORECLK after a delay spe- 
cified by the delay stage 514 and in response to such 
detection drives CORECLK high. Similarly, the rising 
edge detector 108c detects a low-to-high transition of 
CORECLK after the delay specified by delay stage 10 
514 and drives CORECLK low in response thereto. 
Upon each high-to-low transition detected by rising 
edge detector 108c, the counter increments. When 
the output of the counter equals #?, the match signal 
is driven high, thereby blocking the next pulse to out- 1 s 
put from falling edge detector 108b. Hence, COR- 
ECLK will remain in a low state until the next active 
edge of CLK1N, which resets counter 106. 

As can be seen, this circuit provides 50% duty cy- 
cle clocks using a single delay stage 514. Hence, the 20 
amount of circuitry needed to implement the dock 
multiplier circuit can be greatly reduced. 

The present invention can thus be implemented 
to provide significant advantages over conventional 
clock doubling schemes. First the present invention 25 
provides for the generation of an internal dock, at the 
fundamental frequency of the input dock signal or at 
multiples thereof, having a phase duration which is in- 
dependent of the duty cyde of the input dock signal. 
As such, instabilities in the duty cyde of the input 30 
clock signal, or noise effects such as ringing and the 
like, do not significantly affect the internal dock sig- 
nals, even at high frequencies such as above 25 MHz. 
Furthermore, the phase duration of the internal dock 
signal can be optimized according to the worst case 35 
logic path within the circuit, so that erroneous oper- 
ation is avoided even for unstable duty cyde input 
docks. In addition, the generation of the optimized 
phase duration by way of a delay stage may be done 
in such a manner as to accurately match variations in 40 
temperature, voltage, and manufacturing parameters, 
and in such a manner as to allow characterization and 
adjustment thereof. It is therefore contemplated that 
the present invention wfll greatly facOrtate the gener- 
ation of internal dock signals in high frequency into- 45 
grated circuits, particularly those that operate over a 
wide operating power supply voltage range. 

The dock multiplier factor n may be hard-wired or 
stored in a memory, such that the number of output 
clock cycles triggered in response to an active edge so 
of the input dock can be varied without changing the 
circuit design. The dock multiplier can be implement- 
ed with as little as one delay circuit 

While the invention has been described herein 
relative to its preferred embodiments, ft is of course 55 
contemplated that modifications of, and alternatives 
to, these embodiments, such modifications and alter- 
natives obtaining the advantages and benefits of this 
invention, wil be apparent to those of ordinary skill in 



the art having reference to this specification and its 
drawings. For example, either rising or falling edges 
of the input dock, or both, could be used to generate 
the multiplied dock. Further, logic other than SR flip- 
flops could be used to generate the dock transitions 
responsive to the output of the edge detectors. Also, 
as shown herein, the circuitry for counting dock tran- 
sitions may be implemented using a general purpose 
counter or by discrete logic The number of transitions 
to be counted may vary depending upon which sig- 
nals are blocked in response to detection of a desired 
count It is contemplated that such modifications and 
alternatives are within the scope of this invention. 



Claims 

1 . Circuitry for generating a dock signal responsive 
to an input dock signal, comprising: 

circuitry for detecting an active edge of 
said input dock signal; 

circuitry for generating a plurality of dock 
edges responsive to said detection of said active 
edge; and 

circuitry for inhibiting said edge generating 
circuitry after generation of a predetermined 
number of dock edges. 

2. The clock generating circuitry of Claim 1 wherein 
said inhibiting circuitry is reset responsive to de- 
tection of an active edge of the input clock. 

3. The dock generating circuitry of Claim 1 or Claim 
2 wherein said edge generating circuitry compris- 
es; 

delay circuitry for receiving a signal and 
outputting said same signal after a predefined 
delay, 

edge detection circuitry coupled to said 
delay circuitry for detecting a predetermined tran- 
sition of the output of said delay circuitry and gen- 
erating a detection signal in response thereto; 
and 

transition circuitry for generating a dock 
trans ftion responsive to said edge detection cir- 
cuitry. 

4. The clock generating circuitry of Claim 3 wherein 
said delay crcuitry comprises first and second 
delay stages, the first delay stage defining the 
duration of the high logic level phase of the gen- 
erated dock signal and the second delay stage 
defining the duration of the low logic level phase 
of the generated clock signal. 

5. The dock generating circuitry of any one of t he 
preceding daims wherein said inhibiting circuitry 
comprises: 
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counting circuitry for counting clock 
edges; and 

comparator circuitry for comparing the 
output of said counting circuitry with a predeter- 5 
mined number and for generating a signal indicat- 
ing whether the output of said counting circuitry 
equals said predetermined number. 

6. A method of generating a clock signal responsive 10 
to an input clock signal, comprising the steps of. 

detecting an active edge of said input clock 

signal; 

generating a plurality of dock edges re- 
sponsive to said detection of said active edge; 15 
and 

inhibiting said edge generating circuitry af- 
ter generation of a predetermined number of 
dock edges. 

20 

7. The method of Claim 6 wherein said generating 
step comprises the step of: 

receiving a signal and outputting said 
same signal after a predefined delay; 

detecting a predetermined transition of t he 25 
delayed signal and generating a detection signal 
in response thereto; and 

generating a dock transition responsive to 
said detection signal. 

30 

8. The method of Claim 6 or Claim 7 wherein said 
inhibiting step comprises the steps ot 

counting dock edges of the dock signal; 

comparing the number of counted edges 
with a predetermined number and generating a 35 
signal indicating whether the output of said 
counting circuitry equals said predetermined 
number. 

9. An integrated circuit, comprising: 40 

first and second functional modules, each 
having an associated dock input; and 

a clock control circuit for generating first 
and second output clock signals to said first and 
second functional modules, respectively, respon- 45 
sh/e to an input clock signal received at a dock in- 
put and to an enable signal received at an enable 
input, said dock generator circuit comprising: 

a first dock generator circuit, cou- 
pled to receive said input dock signal, for gener- so 
ating said first output clock signal responsive to 
said input dock signal, said first output dock sig- 
nal being at a first frequency, and 

a second clock generator circuit, 
coupled to receive an enable signal and said input 55 
dock signal, for generating said second output 
dock signal responsive to said input dock signal, 
said second output dock signal being at a second 
frequency responsive to said enable signal being 



at a first state. 

10. The integrated circuit of claim 9, further compris- 
ing: 

an enable bond pad, coupled to said dock 
control drcuit, for communicating said enable sig- 
nal thereto; 

first and second bias supply terminals, for 
receiving first and second bias voltages, respec- 
tively; and wherein said enable bond pad pres- 
ents said first state to said dock control circuit re- 
sponsive to being connected to said first bias 
supply terminal, and presents said second state 
to said clock control drcuit responsive to being 
connected to said second bias supply terminal. 

11. The integrated drcuit of daim 9 or Claim 10 fur- 
ther comprising: 

a mode select input for indicating 
first and second clock modes; and 

wherein said second dock generator dr- 
cuit further comprises: 

a frequency divider, coupled to said 
dock input of said dock control circuit, for gener- 
ating a divided frequency output dock signal to 
the dock input of said first functional module re- 
sponsive to said input dock signal; and 

a select circuit responsive to said 
mode select input, for enabling the set and reset 
circuits and disabling the frequency divider re- 
sponsive to said mode select input indicating said 
first dock mode, and for selecting the divided fre- 
quency output dock signal and disabling the set 
and reset tircuits responsive to said mode select 
input indicating said second dock mode. 

12. The integrated drcuit of claim 11, wherein said 
mode select input comprises a bond pad; 

wherein said first dock mode is selected 
by connecting said bond pad to a first voltage; 

and wherein said second dock mode is se- 
lected by connecting said bond pad to a second 
voltage. 

13. A dock generator circuit for generating, at its out- 
put, a first output dock signal responsive to an in- 
put dock signal received at its input, comprising: 

a first delay stage connected to receive 
and delay the input dock signal; 

a set drcuit connected to set a latch re- 
sponsive to a first transition of said input dock 
signal; and 

a reset circuft connected to reset the latch 
responsive to a first transition of the delayed in- 
put dock signal from the f irst delay stage. 

14 The dock generator drcuit of claim 13, further 
comprising: 
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a second delay stage connecting the out- 
put of the first delay stage to the set circuit; 

a third delay stage connecting the output 
of the second delay stage to the reset circuit; 5 

said set circuit detecting the first transition 
of said clock input and the first transition at said 
second delay stage, and for setting said latch re- 
sponsive to said detection by said set circuit; and 

said reset circuit detecting the f irst transi- 10 
Hon at the output of the output of said third delay 
stage, and resetting said latch responsive to said 
detection by said reset circuit 

15. The dock generator circuit of claim 1 3 or Cta im 1 4 is 
wherein said delay stage comprises a plurality of 
logic elements, each corresponding to a different 
logic function. 

16. The clock generator circuit of damn 13 Claim 14 20 
or Claim 15 wherein said first delay stage com- 
prises: 

a fixed delay stage; and 

a variable delay stage, connected in series 
with said fixed delay stage, and comprising: 25 

a plurality of delay elements; and 

a select circuit for selecting among said 
plurality of delay elements to set the propagation 
delay of said variable delay stage. 

30 

17. The clock generator circuit of claim 16, wherein 
said variable delay stage further comprises: 

a plurality of programmable elements, 
coupled to the select circuit of said variable delay 
stage and associated with each of said plurality 35 
of delay elements, each programmable element 
indicating whether or not its associated delay ele- 
ment is to be connected in series in said variable 
delay stage. 

40 

18. The clock generator circuit of any one of Claims 
13 to 17, further comprising: 

a plurality of multiplexers, each having a 
first input coupled to an associated programma- 
ble element, each having a second input coupled 45 
to an associated select line, and each having a 
control input coupled to a test mode input to se- 
lect, responsive to said test mode input, either its 
associated select line or its associated program- 
mable element for determining whether or not its 50 
associated delay element is to be connected in 
series in said variable delay stage. 

19. A method for generating an internal clock signal 

in an integrated circuit responsive to an input 55 
clock signal, comprising the steps of 

setting a tatoh to a first state responsive to 
a first transition of said input clock signal; 

applying said input clock signal to a first 



delay stage to generate a first delayed input clock 
signal; 

resetting said latch responsive to a first 
transition of said first delayed input clock signal; 
and 

wherein said resetting step is performed 
responsive to either a low-to-high or a high-to-low 
transftton of said first delayed input clock signal. 

20. The method of claim 19, further comprising: 

selecting the duration of said delaying 

step. 

21. The method of claim 1 9 or claim 20, further com- 
prising: 

applying said first delayed input clock sig- 
nal to a second delay stage to generate a second 
delayed input clock signal; 

setting said latch to the first state respon- 
sive to a first transition of said second delayed in- 
put clock signal; 

applying said second delayed input clock 
signal to a third delay stage to generate a third 
delayed input clock signal; and 

resetting said latch to the second state re- 
sponsive to a first transition of said third delayed 
input clock signal. 
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